Objective This study was performed to investigate the clinical significance of detecting Elizabethkingia meningoseptica in the bile. Methods We herein report a case series of biliary colonization or infection with E. meningoseptica. Twenty patients with E. meningoseptica recovered from the bile were treated at a 4,300-bed teaching hospital in China between January 2009 and December 2012. The clinical information for the cases of E. meningoseptica recovered from the bile and the microbiological data of the E. meningoseptica isolates were examined. Results Most of the 20 patients were not immunocompromised, although they had cholelithiasis and had recently received antimicrobial agents. All cases were treated with indwelling nasobiliary tubes and endoscopic retrograde cholangiopancreatography and/or endoscopic sphincterotomy prior to the detection of E. meningoseptica in the bile. The average time between the placement of the nasobiliary tube and the detection of E. meningoseptica in the bile was 6.6 days. E. meningoseptica caused cholangitis in five cases, one of which also involved secondary septicemia, and colonized the nasobiliary tubes or biliary tract in the remaining 15 cases. All but two patients recovered and were discharged. Two patients died of septicemia; E. meningoseptica and Escherichia coli were the causative pathogens in one case and other organisms were the causative pathogens in the other. Conclusion E. meningoseptica is an unusual causative pathogen of healthcare-associated cholangitis. Cholangitis resulting from this bacterium is generally associated with good outcomes, although secondary septicemia can be life-threatening.
Introduction
Elizabethkingia meningoseptica, named Chryseobacterium meningosepticum prior to 2005 (1) and Flavobacterium meningosepticum prior to 1994 (2) , is a saprophytic Gramnegative bacterium that was widely distributed in the environment. As an opportunistic pathogen, E. meningoseptica has been reported to cause a variety of infections, including abdominal infections, endocarditis, eye infections, meningitis, pneumonia, osteomyelitis, septic arthritis, septicemia and skin and soft tissue infections (3) (4) (5) (6) . Infections caused by E. meningoseptica are primarily healthcare associated and occur in newborns and immunocompromised adults (3) . A few outbreaks due to this opportunistic pathogen have also been reported (7) (8) (9) (10) . Furthermore, recovery of E. meningoseptica from bile samples has been documented (3, 11) , although it remains rare. Furthermore, the clinical significance of identifying E. meningoseptica in the bile is unclear. A total of 20 patients with E. meningoseptica recovered from bile samples were identified at West China Hospital. We herein report the characteristics of these patients.
Materials and Methods

Patients and setting
West China Hospital of Sichuan University is a 4,300-bed referral teaching hospital in Chengdu, Sichuan province, western China. Between January 2009 and December 2012, there was a total of 20 patients in whom E. meningoseptica was recovered from bile samples. A case investigation form was used to collect the demographic data, medical history, underlying diseases, clinical manifestations, laboratory results, treatments and outcomes of the cases.
Bacterial isolates and antimicrobial susceptibility testing
The bile samples were generally collected by puncturing nasobiliary tubes using needles and syringes and processed using standard laboratory protocols. Species identification and in vitro susceptibility testing of E. meningoseptica isolates were performed using the Vitek II (bioMérieux, Durham, USA) automated system. The interpretation of the minimum inhibitory concentrations was made based on standards for non-Enterobacteriaceae set by the Clinical and Laboratory Standards Institute (12) .
Definitions
The clinical significance, i.e., infection or colonization, of E. meningoseptica isolates was determined based on the presence of a biliary tract infection according to clinical manifestations, laboratory data and ultrasound, computerized tomography or magnetic resonance imaging findings obtained within two days of the collection of the specimens from which E. meningoseptica was isolated. Cholangitis and cholecystitis were diagnosed using the criteria of the Tokyo guidelines (13, 14) . Healthcare-associated infection or colonization was defined as the acquisition of E. meningoseptica after 48 hours of admission to our hospital. Antimicrobial therapy for E. meningoseptica was considered to be appropriate if the isolates were susceptible to the agents administered. Death due to E. meningoseptica infection was defined as death within two weeks of infection in the absence of other known causes (15) .
Results
The 20 patients included 12 men and eight women, 22 to 89 years of age, with a median age of 52 years (Table 1) . Only four patients were older than 65 years. Fifteen of the 20 patients were not in an obvious immunocompromised condition, while the remaining five patients had diabetes (n= 2) or carcinoma (n=2) or had undergone liver transplantation (n=1). Most (17/20) of the patients had biliary tract illnesses, while half had pancreatitis. Among the biliary tract illnesses, cholelithiasis was the most common condition, observed in 13 cases, followed by carcinoma, anomalous pancreaticobiliary ductal union and common bile duct stricture, present in one or two cases each. One patient had biliary tract obstruction; however, the exact cause remained unclear. Fourteen of the 20 patients received antimicrobial agents, mostly cephalosporins (nine cases) or carbapenems (four cases), within one month before collection of the specimen that grew E. meningoseptica. All of the patients were treated with indwelling endoscopic nasobiliary drainage (ENBD) tubes and endoscopic retrograde cholangiopancreatography (ERCP) or endoscopic sphincterotomy (EST) or both prior to the detection of E. meningoseptica in the bile. Some patients also underwent other operations involving the biliary tract, such as choledochotomy, choledochoscopy and cholecystectomy ( Table 1 ). The time between the placement of the nasobiliary tube and the detection of E. meningoseptica in the bile ranged from 0 (the same day) to 24 days, at 6.6 days on average.
In all but two cases, E. meningoseptica was the sole microorganism recovered from a single bile specimen; the remaining two patients had either Acinetobacter baumannii or Stenotrophomonas maltophilia isolated together with E. meningoseptica from the same bile specimen. Three patients had E. meningoseptica recovered from two bile specimens collected at different time points, and E. meningoseptica was isolated from blood in one (case no. 13) of these three cases. Four patients had other bacteria, including A. baumannii in all four cases, Enterococcus faecium in three cases and Klebsiella pneumoniae in two cases, recovered from bile specimens collected at different time points. Two of these four patients also had blood cultures that grew other bacteria, either Escherichia coli or E. faecium. All E. meningoseptica isolates were considered to be healthcare associated.
E. meningoseptica was consider to be causative pathogen of cholangitis in five cases and as a microorganism colonized in the nasobiliary tube or biliary tract in the remaining 15 cases. All five patients with cholangitis due to E. meningoseptica met the criteria of the Tokyo guidelines for a definitive diagnosis of cholangitis, including systemic inflammation, cholestasis and imaging of biliary dilatation, stones or stricture (13) . Among the five cases of cholangitis, E. meningoseptica was either the only microorganism identified or the first bacterium recovered and was isolated from specimens collected within two days of the onset of cholangitis. One patient (case no. 13) developed septicemia caused by E. meningoseptica secondary to cholangitis. In 12 of the 20 cases, E. meningoseptica was considered to have colonized the nasobiliary tube or biliary tract, rather than caused an infection, due to the absence of biliary tract infection. Two patients were admitted to our hospital due to cholangitis, and their manifestations of the disease were gradually resolving at the time at which the specimens that grew E. meningoseptica were collected. Therefore, E. meningoseptica was regarded to have colonized the patients in both cases. One patient (case no. 15) developed cholangitis beyond 48 hours after admission and was therefore considered to have a healthcare-associated infection. This patient also had K. pneumoniae and A. baumannii isolated from bile specimens prior to the recovery of E. meningoseptica, and his condition had not deteriorated within two days before or after the collection of the specimen that grew E. meningoseptica. In addition, A. baumannii and E. faecium were repeatedly identified in multiple bile specimens collected at different time points, and the two bacteria were recovered from blood cultures. Therefore, E. meningoseptica was not considered to be the causative pathogen of the healthcare-associated cholangitis observed in case no. 15 . Although E. meningoseptica had simply colonized the patients in most cases, the affected patients usually had pancreatitis or cholecystitis, and all patients with E. meningoseptica colonization or infection were administered antimicrobial agents. However, none of the agents were appropriate with respect to the susceptibility results. Nonetheless, all but two patients recovered and were discharged. Two patients died of septicemia; E. meningoseptica and Escherichia coli were the causative pathogens in case no. 15, and A. baumannii and E. faecium were the causative pathogens in case no. 20. Therefore, only one of the 20 patients died of infection due to E. meningoseptica. All isolates in this study were resistant to aminoglycosides (amikacin, gentamicin and tobramycin), penicillins (piperacillin and ticarcillin-clavulanic), cephalosporins (cefotaxime, ceftriaxone, ceftazidime and cefepime), aztreonam, imipenem and fluoroquinolones (ciprofloxacin and levofloxacin). All but one were also resistant to piperacillintazobactam, with the remaining isolate being intermediate. Isolates from 11 cases were susceptible to trimethoprimsulfamethoxazole, while the remaining isolates were resistant to these drugs.
Discussion
Recovering E. meningoseptica from the bile is unusual. For example, this bacterium accounted for 2.6% of microorganisms isolated from bile cultures obtained between January 2009 and December 2012 at West China Hospital, and only a few cases of E. meningoseptica recovered from the bile have been reported in the literature (3, 16) . Nonetheless, E. meningoseptica can cause biliary tract infections and septicemia secondary to cholangitis, although, in most cases, this bacterium results in colonization rather than infection. It has been documented that E. meningoseptica is able to colonize several body sites and medical tubes, including the oropharynx (17), respiratory secretions (18), rectum (17), aerosol tubes (17) and endotracheal tubes (9, 17) ; however, colonization of nasobiliary tubes and/or the biliary tract has not been previously described. Three cases (3, 16) of E. meningoseptica septicemia secondary to biliary tract infection have been reported in the literature ( Table 2) . One of these patients had cholangitis, as in case no. 13 in the present study (3) , whereas the type of biliary tract infection was not specified and no information regarding whether E. meningoseptica was isolated from the bile was provided in the other two cases (16) . Two of the three patients survived after receiving antimicrobial therapy, while the remaining patient died despite receiving treatment with an agent to which the E. meningoseptica isolate was susceptible. The operations applied in the present study involved the biliary tract, in particular the use of an indwelling nasobiliary tube appeared to be the most important risk factor for E. meningoseptica colonization or infection, as all patients in this study received an indwelling nasobiliary tube and ERCP or EST, while some patients also received choledochoscopy or cholecystectomy. Of note, unlike previous reports of E. meningoseptica infection or colonization at other sites, most of the present patients with biliary tract colonization or infection were not neonates, immunocompromised adults or elderly.
E. meningoseptica is intrinsically resistant to most commonly used antimicrobial agents; therefore, options for antimicrobial therapy against this opportunistic pathogen are limited. In previous reports (6, 9, (19) (20) (21) , the clinical isolates of E. meningoseptica were always resistant to aminoglycosides and almost all β-lactams, except for piperacillintazobactam, and usually susceptible to trimethoprimsulfamethoxazole and fluoroquinolones. However, unlike that found in most previous reports (6, 19) , all isolates in this study were also resistant to fluoroquinolones (ciprofloxacin and levofloxacin), and none of the isolates were susceptible to piperacillin-tazobactam. In addition, almost half of the isolates were resistant to trimethoprimsulfamethoxazole, making the selection of agents for appropriate antimicrobial treatment particularly difficult. Nonetheless, four of the five patients with E. meningoseptica infection survived, suggesting that host factors are critical determinants of the outcome in cases of E. meningoseptica infection, as previously suggested (16) , and that treatments other than antimicrobial agents, such as drainage, are also critical. In addition, the susceptibility breakpoints for unusual opportunistic non-fermenting Gram-negative pathogens, such as E. meningoseptica, should be verified.
The present study is a retrospective analysis and therefore is associated with several limitations. For instance, the isolates were not stored for further study of their clonal relatedness, strain type and susceptibility to several antimicrobial agents that may be effective, such as vancomycin, linezolid, rifampicin and minocycline. Furthermore, no follow-up bile specimens were collected in most cases; therefore, the duration of colonization of E. meningoseptica could not be determined. E. meningoseptica can cause outbreaks as an opportunistic pathogen of healthcare-associated infections (22) (23) (24) , and it is possible that the isolates reported in this series are closely related and have caused outbreaks. However, due to the absence of data for strain typing, it is impossible to confirm or exclude the presence of any outbreaks.
In summary, E. meningoseptica is an unusual pathogen causing colonization as well as healthcare-associated cholangitis after operations involving the biliary tract and indwelling nasobiliary tubes. Biliary colonization or infection with E. meningoseptica are primarily observed in patients who are neither elderly nor immunocompromised. Although the E. meningoseptica isolated from the bile in the present study was found to be resistant to most commonly used antimicrobial agents, in vitro susceptibility findings are not usually relevant to the clinical outcome, and all cases of cholangitis caused by this bacterium without secondary septicemia resolved in the present study. Although E. meningoseptica septicemia can develop secondary to cholangitis, it remains a very rare and life-threatening infection.
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